High-power diode lasers turning up the heat  by Szweda, Roy
Up to now our laser coverage has focused on few milliwatts are sufficient. Here we look at
the diode laser’s ability to handle data- output powers of t W and above and the
Roy Szweda streams. Whether it is sending signals down interesting applications arising from the
Associate Editor a fibre or reading a DVD, power levels of a direct use of these compact energy sources.
High-power diode lasers
turning up the heat
Figure I An important
application wh/ch exploits the
efficiency and accuracy
of laser machining IS the
preparation of stenals.
Although a relatively new sector, high-power
diode lasers (HPDLs)  have nevertheless become
very successful as light pumping sources for
solid-state lasers.Yet their biggest opportunity is
only just emerging as compact power sources
of coherent Iight (for example, see Figure 1
which shows a laser cutting stencils).The  wave-
length range of interest is from 635 nm up to
2 pm, where they are becoming increasingly
attractive for functions such as soldering and
welding, as well as in micro-surgery.
In some sectors of the laser industry, the impor-
tance of the HPDL has been likened to that of
the transistor in the electronics industry. But high-
er relative costs of HPDLs (compared to tradition-
al laser solutions) have so far limited their use to
specialist applications such as non-invasive surgi-
cal procedures and in large printing machines.
However, over the past two years further R&D
and commercialization in the design and manu-
facture of HPDLs has taken place. Consequently,
prices have fallen, leading to a significant
increase in the adoption of these devices in the
marketplace.
Like the filament lamp and the LED, the solid-
state laser (SSL) such as the Nd:YAG laser has
come under threat from HPDLs.According to
Elsevier Science’s forthcoming market report
Diode Laser Materials C Devices 2002,  a couple
of years ago the market for HPDLs overtook the
market for SSLs. In 2000, these markets were
worth US$396m and US$305m,  respectively. By
2005 these will have reached US$762m and
US$491m, respectively (see Figure 2).The  HPDL
market in terms of wafers is quite small, since
each 2” wafer can yield about 10,000 chips.
However, there are some applications on the
horizon which may consume much larger quanti-
ties of wafers. For example, visible lasers (red)
are also being used for high-power applications
in the range of hundreds of milliwatts.
It is clear that the HPDL is one of the faster-
growing market sectors for laser diodes and has
already begun to outpace  that of some conven-
tional lasers. In fact, the HPDL market has been
more “downturn proof” than many other types
of diode laser. However, even this sector has
suffered as the “indirect” application of diode
pumping has been hit by the downturn in
demand for telecom components.
The key factor is that, due to the lowering in
price per Watt of light output, the HPDL is now
able to begin a period of serious growth.This is
proceeding along two lines: by displacing exist-
ing lasers and also by developing new markets
stemming from the availability of these compact
energy sourcesAs shown in Figure 2, by 2003
technical development of the HPDL is expected
to have reached a point where the “wall-plug
efficiency” has been boosted, allowing the appli-
cations market to really expand.
Key players in high-power
diode lasers
French company,Thomson-CSF (now Thales) was
one of the pioneers, but in the past five years the
number of companies focusing on HPDLs has
increased significantly.These now include:
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Diomed, UK
DILAS Diodenlaser GmbH,  Germany (acquired
by German laser company Rofin-Sinar)
JDS Uniphase, USA (after acquisition of SDL Inc)
Coherent, USA
Osram Opto Semiconductors, Germany
Thales, France (formerly Thomson-CSF)
IQE plc, UK
Fisba Optik, Switzerland
Nuvonyx Inc , USA
Lasertel, USA
Jenoptik, Germany
Laserline, Germany
Spectra-Physics, USA (after acquisition of Opto
Power as a fully integrated subsidiary)
Unique Mode, Germany
Albers Laser, Germany
HPD, USA
Alfalight,  USA
Sony, Japan
For example, IQE supplies AlGaInAs-based  laser
structures on GaAs  substrates for very high-power
industrial applications. Boston Laser Inc (Norwood,
MA, USA) has used such IQE epi-wafers to produce
highly reliable l-2 W telecom lasers (see Photonics
West Paper #4285A-01, “Reliability Assurance of
Broad-Area, High-Power, Multimode Laser-Diodes for
Telecommunications Equipment”, D Pendse et ad>.
After some industry readjustment in the past 2-3
years there are now only a half-dozen commercial
HPDL chip suppliers: two in Europe (Osram,Thales)
and four in North America (Coherent, Spectra-
Physics, JDS Uniphase and Spire). Other compa-
nies buy the HPDL chips to build HPDL systems
for direct-diode or diode-pumped applications.
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Figure 2. The market for
high-power diode lasers over-
took the market for solid-
state lasers a couple of years
ago. In 2000, these markets
were worth US8396m and
US$305m, respectively By
2005 these will have reached
US8762m and US$491m,
respectively
It is noticeable that, in contrast to the optical-
storage laser diode market, it is North American
and European companies which dominate this
sector. Surprisingly, laser manufacturers in Japan
and South-East Asia have so far made only limited
progress in HPDLs. Interest is on-going in these
countries, but much less so than in the West.
Japanese firms Sony and Hamamatsu are develop-
ing HPDL but do not present themselves as com-
mercial suppliers at the moment.
However, there is interest in the use of HPDLs
for diode-pumping of solid-state lasers (e.g. Sony
Semiconductor’s SLD402S  790-840 nm laser array
family for diode YAG-pumping applications,
which has a maximum power of 22 W).
In the West, two basic types of company have
arisen. Firstly, the vertically-integrated companies
such as Coherent and SDL Inc in the USA, which
make everything from the laser materials through
to complete systems.Then  there are the equipment
companies which buy components and specialize
in certain areas (such as Diomed in medical appli-
cations or Swiss company Fisba Optik in very
sophisticated lower-power systems with precision
optics for soldering, plastics welding etc).
But the overall leaders in the HPDL business are
the USA players. For example, Spectra Physics
has widened its portfolio with fibre-coupled laser
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Many additional
applications -
including cutting,
soldering, mark-
ing, printing,
welding and
coating - can be
performed by
currently avail-
able commercial
diode lasers
when the energy
is coupled to
achieve high-
brightness spots.
The associated
problems of
optical focusing
result in lower-
than-desired
power levels
incident on the
chosen site.
Many researchers
are addressing
this problem,
and progress
includes the
introduction of
tapered res-
onator/amplifier
devices.
modules and open arrays and has demonstrated
surface hardening and drilling of stainless-steel
ribbon for example, as well as solid free-form
fabrications via sintering with metal and ceramic
powders using fibre-delivered diode power.
These demonstrations indicate that many addi-
tional applications - including cutting, soldering,
marking, printing, welding and coating - can be
performed by currently available commercial
diode lasers when the energy is coupled to
achieve high-brightness spots.
In Europe, the leading manufacturer of laser die
is InfineonTechnologies.These  are purchased by
many systems companies worldwide. For exam-
ple, DILAS is taking Itineon’s  kilowatt-class laser
diode stacks to make much higher-power units
for machine systems companies such as Trumpf
(who use them for welding and hardening
equipment in vehicle production lines and
printers etc>.
As we reported previously (Ill-Vs  Review,Vol. 11,
Issue 6) there is a determined collaborative effort
in Germany. In a program headed by the Fraun-
hofer IAF (Applied Solid-State Physics) of Freiburg,
companies and research institutes have just com-
pleted the NOVALAS  Program and are about to
initiate a follow-up program on HPDLs.The
Fraunhofer IOF (Applied Optics and Precision En-
gineering of Jena) has also just spun off a company
- Unique Mode - to develop and market miniature
l-10 W, SO-1480 nm HPDLs commercially.
DILAS claims to have HPDLs with the lowest
cost per Watt of any kind of laser. These units
are very compact, with an array of air-cooled
HPDLs capable of 25 kW of power within a
space the size of a shoebox.  Systems with up to
6 kW have been realized so far, also by Laserline.
These higher-power (>l kw) units are compet-
ing strongly in manufacturing and materials
processing operations such as welding and
tool hardening.
Direct diode lasers (rather than diode-pumping
lasers) are by far the more exciting area for
future growth and - as some observers have
already suggested - they may come to entirely
supplant conventional lasers in a number of
applications.The availability of well-defined high-
power optical output in a compact form is one
of the main reasons for the interest in HPDLs.
Product development has been rapid and higher-
power (i.e. kilowatt-class) units are now in wide-
spread use in many machining and materials pro-
cessing tasks worldwide.These include:
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Laser welding
Heat treating
Brazing
Laser Sintering
Printing/reprographics
Cladding
Plastic welding
Soldering
Paint Stripping
Continuous seam welding
Laser forming
Spot Welding
Photodynamic therapy
Cosmetic surgery
Diode pumping
llumination
Surface melting
Composite forming
Epoxy Curing
Free-form fabrication.
There are two directions for the HPDL market to
take: not only the replacement of traditional
process such as those based on SSLs and gas
welding (titanium garnet, or TiG) but also there
are many new applications opening up where an
SSL would be less convenient and too costly (e.g.
PCB soldering, dentistry etc). Another key area
of success has been in the medical field, and not
only for ‘keyhole surgery’ but also for cancer
therapies and cosmetic treatments (e.g. Diomed
Ltd of Cambridge, UK specializes in medical
applications of HPDLs).
Advantages of diode laser systems for medical
applications include small size, portability, higher
efficiency and low cost-of-ownership.These not
only ensure a thriving market but they are also
responsible for the broadening the medical appli-
cations market. In keeping with the majority of
HPDL applications, the most popular is the
8 10 nm wavelength where the pump light
absorption maximum lies. But other wavelengths
are now becoming important. It began with surgi-
cal lasers but is now moving over to ophthalmic
and cosmetic/aesthetic applications, together
with photodynamic therapy (PDT). PDT is a rela-
tively new area which was created by SSLs and is
now moving over to the convenience of HPDL.
This application uses the diodes not for their
power but rather for their precision of wave-
length control.
Other related applications include cosmetic sur-
gery procedures such as removal of unwanted
hair. birthmarks and tattoos.
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Price and efficiency
Price depends on a number of factors, but a large
contribution comes not from the laser but from
the micro-optics (more so for finer beams and
shorter working distances). Price is also very
dependent on the output power, since a 5 kW
system will be orders of magnitude more expen-
sive than a 5 W system.
HPDLs  have demonstrated electrical-to-optical
conversion efficiencies that range from 30-60X1.
The result is a system (including power suppIies
and water cooling systems) that can have a wall-
plug electrical-to-optical power conversion effi-
ciency of >25’%.  Consequently, a 4 kW cw laser
diode system can consume less than 16 kW of
electrical power.This efficiency translates into a
lower cost of operation for the user.When com-
paring the amount of output laser energy for a
given electrical input, the efficiency of the direct
diode laser is much higher than that of conven-
tional laser systems.
Of great significance is that HPDL direct diode un-
its have compact aircooling.This  means that they
often only need a single mains plug for operation.
Not only does this confer great portability and ver-
satility but also very low maintenance (of the order
of tens of thousands of hours between failures).
While delivered optical power is increasing (now
exceeding 100 w>,  heat-sinking of the device is
even more important. Not only does this mandate
suitable design considerations but also the appro-
priate engineering for competitive manufacturing.
Another relevant point is that the HPDL operates
with a centre wavelength of 810 nm (in the
near-infrared region and therefore invisible to the
eye), shorter than that of the Nd:YAG (1.06 pm)
and CO, (10.6 pm) lasers,commonly  found in
industrial appIications.The  lower operating
wavelength results in a higher absorption rate
with many metals (especially aluminium, which
has an absorption peak at the HPDL’s wavelength
of 810 nm).
However, one of the few drawbacks of the HPDL
is its unsatisfactory beam qualityThe  associated
problems of optical focusing result in lower-than-
desired power levels incident on the chosen site.
Many researchers are addressing this problem,
and progress includes the introduction of
tapered resonator/amplifier devices (see Figure 3).
Finally, another important development relating
to the HPDL is fibre coupling.This’variant
Figure 3. One of the few
drawbacks of the high-power
diode laser at oresent is its
unsatisfactory beam quaky
The assoaated problems of
optical focusing result in
lower-than-desired power
levels  jncident on the chosen
site. Using alternative diode
designs such as the flared res-
onator (left) or the novel Z-
laser (riqht), Fraunhofer /Af
aims to-improve the laser
beam quality in the slow-ax/s
direction. The beam quality
parameter M2 (which com-
pares the beam of an actual
diode laser with a perfect d/f-
fraction-lImited Gaussian
Beam) of 3.5 for a ridge
flared HPDL single d/ode of
3.5 W output power has
achieved an improvement by
a factor of 50 compared to a
broad-area diode laser of
equal aperture.
involves coupling the HPDL to an optical fibre to
precisely direct the light remotely from its
source. This promises to make the HPDL even
more versatile and attractive to a wide range of
today’s applications and those yet to come
Summary
Overall, the we&established solid-state laser market
is growing by around 10% per annum, while the
smaller and less-mature direct-diode market is at The HPDL market
least double that. Significantly, the direct-diode
HPDL has yet to accumulate any history - there has been more
will be an industry reluctance to adopt these “downturn
devices until the necessary experience has been
gathered. However, there is no doubt that the proof” than
direct-diode HPDL is proving to be a very
viable tool with lots of applications through its
many other types
compactness and low cost of ownership. of diode laser.
